
SULPHUR BLACKENING OF CAN INTERIORS D <\3 

AS INFLUENCED BY THE SEVERITY OF BEEF PROCESSING 
Z.Ziemba

It i s  g en e ra lly  b e liv e d , th at su lph ide s t a in  on tin p la te <r

velops mainly during the period o f p ro cessin g  the f i l l e d  can»

high temperature and may continue to grow slow ly during subset

sto rag e  a t  ord inary  tem peratures (Hoare e t  a l . , 1965) .

However, any q u a n tita tiv e  evidence regard in g  the extent

which the su lphur blackening o f can in te r io r s  occu rs, with

to the se v e r ity  o f p ro cessin g  and sto rag e  con d ition s i s  la c k i^
re'The reported  study has been made in  order to e lu c id a te  these 

la t io n s h ip s .

EXPERIMENTAL
The t in p la te  fo r  con tain ers

Non-lacquered t in p la te  99 x 63 mm round cans were u sed .

''es and ends were made from 0 .28  mm hot-dipped t in p la te ,  wi 

follow ing c h a r a c te r is t ic s :

coating weight ...................................................................... 35.5 &

"Thiocyanate valu e" .................................................... 0 .i6 8 ml

(Hoare and B r it to n , 1962) iron  per square dec
roifThe Iron So lu tion  Value .................................................. 5/1 micr ,

(Hoare and B r i t to n ,1962) o f iron  per square de

Outline o f p rocessin g  and sto rag e  procedure

Tins o f beef "in  je l l y "  type were prepared . The fre sh  

beef meat was taken from the round o f cows about ^-5 years 1 
I t  was sto red  fou r days a f t e r  slau gh te rin g  at 2 - lt°C. The 

meat was 5 . 8 , f a t  content about 2 .2$  and p ro te in  content 

18 .8$ .

{
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Each can was packed to  about *30 g net w eight. The f i l l i n g  

^ the follow ing form ula:

beef meat, cut in to  cubes o f about 3 cm ............. .................  360 g

connective t i s s u e s  c o n st itu e n ts , comminuted ......................  10 g

S e la t in  o f  high q u a lity  ................................................................... 10 g

P°rk f a t  ( l a r d ) ,  in c l .  sm all amounts o f se v e ra l sp ice s  13 g
s a l t

.................................................................................................................  7 ,2
^ s t i l l e d  w a t e r ............................................................................ 30 g

u 5. c

»4 vith

0l«d

The s ta t io n a r y  heat s t e r i l i z a t io n  was a f fe c te d  a t  121*C and 

U£ing the sm all lab o ra to ry  r e to r t  (De v i l b r i s s ,  U .S .A .) pack 

14 cans, and f i l l e d  with w ater. A ll cans were water— 

« n t i l  a tem perature o f 40°C in sid e  was reached, 

record  the heat p en etra tio n , the NiCr-Constantan thermo-
ipXe

needles were in se rte d  r a d ia l ly  a t  the geom etrical centre 

0 cans te s te d  (p o ste r  Instrument Co., Ltd, England). The 

zation  valu es ( f  ) were con tro lled  during heating using a

To
cHi

Ob 'bat
be

ca l v a r ia n t  o f the improved general method (p a ta sh n ik ,1953) . 

*a y  n early  equal s t e r i l i z a t io n  valu es a t both tem peratures 

Achieved, as given in  Table 1 .

A fter s t e r i l i z a t io n ,  the canned samples were d ivided into 

Separate p a rts  A, B and c, being sto red  before opening fo r

* 5°C, 28 days a t 35#C and the same period a t  55»C re s-
„ " - i ,
V s , . , .

-ijg n  o f  a su lph ide film  on a t in p la te
The degree o f su lphide sta in in g  i s  u su a lly  determined by

la m in a tio n  o f the cans and th erefore  s a t i s f a c t o r y  p re c i-

®°t p o s s ib le .
The

author developed fo r  the purpose a sp e c ia l  experim ental 

• c a l le d  the Leucometer T est . D e ta ils  o f th is  technique
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w ill be published elsew here, in b r ie f ,  t e s t  specimens o f the ti®'

p la te  from the same batch as the cans in v e stig a te d , with the

protected  in melted t in , were introduced in sid e  the meat filli® ^
, ,  /

being examined in chosen period a f t e r  p ro ce ssin g . Using 99 x  o? 

cans, two te s t  samples o f the s iz e  50 x 50 mm were p laced insi^®' 

the Leucometer Value (t v), expressed  in per cent o f ab so lu te  V® 

ness was then measured with Z e i s s 's  Leucometer. Magnesium o x ide 

(87.41 LV) served as a standard .

Two readings fo r  each sid e  of the t e s t  specimen were reed*
J*ed and each group in v e stig a te d  included fou r cans, thus giving 

readings per one group. A ll comparisons were made using the 

culated  average v a lu e s.

Even fo r  most heavy sta in e d  sam ples, the c o e f f ic ie n t  of 

tion  was only 2 . 9%.
re^'A good c o rre la tio n  has been obtained between instrum ent *
e\t'

lag s with t e s t  specimens and s ix  v isu a l  panels sco re , the co fr 

tion  c o e f f ic ie n t ,  r ,  ranging from 0.70 to 0.81 fo r  25 d iffer«® * 

groups of cans taken from th is  study . Judges were scorein g  tb« 

sulphide sta in in g  on the whole inner su rface  of cans, which we 

prepared as f l a t  "can p a tte rn s" to f a c i l i t a t e  ev a lu atio n ,
-v«11It was n oticed , th at variou s types o f in ta c t  t in p la te ,  « 

hct-dipped and e le c t r o ly t ic  ty p es, are s im ila r  in th e ir  LV.
.6*example, LV of e le c t r o ly t ic  t in p la te  N°75 (co atin g  weight i<>* 

( ■ 2 ) was 66 .65 *1 .48  as compared with 67 . 45i i .24 fo r  the h ot-^ *^  

t in p la te  (co atin g  weight 35.5 g (m2 ).

Therefore the d ire c t  leucom eter read ings fo r  sta in e d  ti®P 

are of more then only r e la t iv e  v a lu e .

Sterilization weight loss determination
&

According ea r ly  observation  o f K efford and Lynch ( 1941)'
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9' ^ “«action  o f gaseous hydrogen sulphide is  not a stage  in the fo r-
*4ti

A° a of su lphide s t a in s ,  hut blackening of can in te r io r  i s  under 

action  o f su lph ide ions in the l iq u id .  For that reason the 

n U z a tio n  weight l o s s ,  which i s ,  e s p e c ia l ly  fo r  low -fat p ieces 

la r g e ly  w ater, was determined fo r  each group o f canned
Naples.

Meat p a r ts  (about 370 g) were weighed before can s' f i l l i n g

ot

St.

C*I

Hah

^Hen a f t e r  s t e r i l i z a t io n  (a s  drain  w eight), the weight lo s s  

S computed as per cent o f the fre sh  meat p a r t .

^ i g t i c s

The d iffe re n c e s  found in the experiments were s t a t i s t i c a l l y

Culated using Tukey's simplified procedure, as described by
° aey e t a l . ( 1957) .  The re g re ssio n  equation were computed from 

alu es obtained .

RESULTS AND DISCUSSION

^ :-S£L-blackening w ithin each of experim ental group

The d iffe re n c e s  found between the sulphide e f fe c t  o f the 

beef o f equal F a t  two tem peratures might be ra th er neg- 

(Table 2 ) .

The d iffe re n c e s  between A, B and C storage  types fo r  each 

®sing tem perature, compared with the former storage  type 

A l>eing compared with the in ta c t  t in p la te )  were a l l  s i g n i f i -  

the o.Ol P le v e l .
~- îLJ>lackening as in fluenced by the s t e r i l i zation  value 

° a lV very s ig n if ic a n t ly  d iffe re n c e s within each o f storage  

i t i°n s  were found, when the experim ental groups were compared 

former s t e r i l i z a t io n  value e f fe c t  on LV.

^ e r a g e  values o f LV obtained are p lo tted  ag a in st Foc at

oce

^Pe
e*ht

* * •1 .
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As d iscu ssed  be fo re , the hyperbolic fun ction s found are  i ° '  

dependent, in f a c t ,  o f the processin g  temperature fo r  the equal 

s t e r i l i z a t io n  v a lu e s. The storage  of canned beef re su lte d  in

s l ig h t ly  but p rogressive  s ta in in g  o f can in te r io r s .

Sulphur blackening versus s t e r i l i z a t io n  weight lo s s  o f  meat

The s t e r i l i z a t io n  weight lo s se s  measured soon a f t e r  proce»8' * 

ing (sam ples type a ) fo r  each o f the experim ental group and p f ° ' 

cessin g  tem perature, are given in Table 3 .

i

In s im ila r ity  to su lp lde s ta in in g  changes, weight lo s s e s  ^  

the both processing tem peratures are a lso  qu ite  s im ila r  within 

each o f experim ental group.

When the LV measurements are p lo tted  a g a in st  these s t e r i l 1** *

tion weight lo s se s  of the range observed, a l in e a r  co rre la tio n  i

found fo r  each type of s to ra g e , independently o f p ro cessin g  te«P®

rature ( F ig .2 . ) .  I

In other words, a f t e r  i n i t i a l  rapid  s ta in in g  as a  r e s u lt  oi ( 

a con siderab le  drip  lo s s  connected with a  mild heat treatm ent 4
' ? oc ^ )» the fu rth er sulphide sta in in g  was found to be true 1*°® *

a r  function o f the s t e r i l i z a t io n  weight lo s s .  8
The follow ing c o rre la t io n  c o e f f ic ie n t s ,  r ,  and appropriate s 

re g re ssio n  l in e s  were found to be v a l id ,  being computed fo r  eaci 

e igh t groups of samples in the range o f 30 -  509» weight lo s s  11
storage type r

A - 0.93
B - 0.95
C - 0.95

According to the ‘ ru le  o f thu 

in  plane cans i s  doubled fo r  every

re g re ssio n  lin e  

LV = 80.29 ~ 0 .73  X 

LV = 7A.A8 -  0 .73  X 

LV = 76.63 -  0 .73  X 

ib" th at corro sion  re actio n  1 

10®C r i s e  in sto rag e  temp«1*

ture (xoehler and Canonlco, 1957), tbe storage conditions B c
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® days a t  35#C and 55#c) may be considered  as equal to k and i% 

^ h s a t  15®c re sp e c t iv e ly .

Prom the r e s u lt s  obtained the su lph ide sta in in g  o f can in te r -
“*•8

*S|
depends o f the liq u o r  content o f the canned product, e x i s t -

«I

® during s t e r i l i z a t io n ,  a s the r e s u lt  o f  the product form ula and 

Severity  o f p ro ce ssin g , e f fe c t in g  d rip  lo s s  from the meat.

I t  may be concluded, th at the liq u o r  content o f the can f i l l -
g /

' ° r ,  fo r  the given product, s t e r i l i z a t io n  weight lo s s )  r e f le c t s
°se i y the amount o f the su lph ide io n s,

HgS == HS + H

H + + S

8Po:° s ib l e  fo r  the form ation o f  su lp h id es on the su rface  o f t in -
**e .

Set
the type of product studied, only slightly but gradually 

ehing of the can interiors took place. Since Parr and Levett
969) observed th at hydrogen su lph ide in cooked chicken meat d is -
eSred ra p id ly  a f t e r  cooking, even in  n itrogen  atm osphere, and

ton

'Sip

aQthor (ziem ba, 1970) in d ica te d  the in te ra c tio n  between hydro- 

8llIphide find ammonia in canned b e e f , a slow ra te  o f sulphur
ing on sto rag e  i s  confirmed with these f in d in g s .

The d ir e c t  in flu en ce  o f  s t e r i l i z a t io n  lo s s  on the su lph ide 

eaing o f can in te r io r s  was re ce n tly  confirmed in our lab o ra-  

* i t h  a comminuted canned b eef product.

Sc*
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The s t e r i l i z a t io n  value of thermal processes, F * )
oc*

°Cess ing
v^er&ture

Experimental group 
II III IV

1.91 6.33
3.04 5.95

13.76 30.49
13.81 31.46

^ i m a l value found.
2. changes in sulphide staining of can interiors (4 cans 

tested) as LV : statistical significance of differences 
between samples processed to equal Foc value at 115*C 
and 121°C within each of experimental group.

P level

j C e n ta l Storage conditions type 
A B

0 . 0 5 NOT 0.01
NOT NOT 0.01

0.05 0.01 0.01
0.01 0 .0 5 0 . 0 5

'  24 uhrs. at 5 ° c ,  B - 28 days at 35°C, C - 28 days at 55°C

The sterilization weight loss of canned beef,
(averages of duplicated determinations for A type samples)

S essiQ g Experimental group
II III I f

29.7

28.4

34.9

32 .6

41.2

39.9

45.9

45.9
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Pig.1. Relationship between sulphur staining of can
iors (expressed as LV) and sterilization value 
canned beef (points for samples processed at ^  
made dark)*

of
°C
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5 *l6» 2. Regression between sulphur staining of can
interiors (expressed, as LV) and the sterilization 
weight loss of canned beef (points for samples pro
cessed at 115°C made dark).
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